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(57) ABSTRACT

The present invention relates to an X-ray imaging apparatus,
comprising: an X-ray imager including an X-ray beam gen-
erator for emitting an X-ray beam, an X-ray beam detector for
detecting the X-ray beam to obtain an X-ray image of an
object, and a main body unit in which the X-ray beam gen-
erator and the X-ray beam detector are installed; and a three-
dimensional scanner arranged in the X-ray imager in order to
obtain an image ofthe outer appearance of the object. Accord-
ing to the present invention, an X-ray image and an image of
the outer appearance of an object, for example, an image of
the skull and an image of the face, can be obtained at the same
time, thereby minimizing image correction procedures for
matching two images.

10 Claims, 9 Drawing Sheets
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1
X-RAY IMAGING APPARATUS

FIELD OF THE INVENTION

The present invention relates to an X-ray imaging appara-
tus, and particularly to an X-ray imaging apparatus compris-
ing an X-ray imager and a three-dimensional scanner to
obtain an X-ray image together with an exterior image of an
object.

BACKGROUND

Imaging techniques using radioactive rays, particularly
X-rays, are one of the important techniques employed in the
medical fields to acquire internal body images, and X-ray
imaging apparatuses use such X-rays.

Conventional X-ray imaging apparatuses using X-rays are
put into practice as various types of apparatuses for taking
images of all or part of a human body such as internal organs,
dental structure and skull.

The conventional X-ray imaging apparatuses are config-
ured to include an X-ray beam generator for emitting and
irradiating an X-ray beam on an object, an X-ray beam detec-
tor for detecting the X-ray beam that has been irradiated from
the X-ray beam generator and then projected on the object
placed in the beam path, and an image display unit for dis-
playing the image of the object according to a signal detected
in the X-ray beam detector.

Here, the X-ray beam generator and X-ray beam detector
are disposed at the locations spaced apart from each other by
a predetermined distance. Further, the X-ray beam generator
is configured to include an X-ray beam source for emitting the
X-ray beam.

One example of the conventional X-ray imaging appara-
tuses is a dental CT (computed tomography) apparatus, which
is an X-ray imaging apparatus used in dental clinics to image
teeth and/or skull and provide X-ray images for dental pro-
cedures such as orthodontic treatment or maxillary correc-
tion. FIG. 1a shows a teeth image taken by the dental CT
apparatus and FIG. 15 shows a skull image.

In the X-ray images, facial skin tissues form relatively
transparent contours compared to osseous tissues due to the
difference in X-ray absorption. The above X-ray imaging
apparatuses are used in a variety of fields such as dentistry as
mentioned above, as well as plastic surgery. In particular, the
field of dentistry or plastic surgery requires not only the
above-described X-ray image but also an exterior image of an
object, e.g., a face image of a patient for dental correction or
plastic surgery.

The exterior image of the object is superimposed with the
X-ray image of the corresponding part so that they may be
utilized as diagnostic data for the dental correction or plastic
surgery and at the same time used to plan the procedures
suitable for the patient and simulate a virtual plastic surgery
or a virtual correction.

The exterior image of the object needs to be correctly
superimposed with the X-ray image of the part corresponding
to the exterior image so as to increase accuracy of the diag-
nostic data. Therefore, the inventors have developed an X-ray
imaging apparatus which may increase accuracy of superim-
position of an exterior image and an X-ray image of an object
and minimize image adjustment procedures for the X-ray
image and/or exterior image.

SUMMARY OF THE INVENTION

One object of the present invention is to provide an X-ray
imaging apparatus equipped with a scanner, which may
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increase accuracy of superimposition of an X-ray image (e.g.,
animage of skeleton such as skull) and an exterior image of an
object.

Another object of the present invention is to provide an
X-ray imaging apparatus and a three-dimensional scanner for
the same, wherein the three-dimensional scanner may be
mounted or attached to an X-ray imager.

According to one aspect of the present invention to achieve
the objects as described above, there is provided an X-ray
imaging apparatus comprising: an X-ray imager comprising
an X-ray beam generator for emitting an X-ray beam, an
X-ray beam detector for detecting the X-ray beam to obtain an
X-ray image of an object, and a body unit to which the X-ray
beam generator and X-ray beam detector are mounted; and a
three-dimensional scanner being arranged on the X-ray
imager to obtain an exterior image of the object.

According to the present invention, the scanner may be
removably mounted to the X-ray imager.

The scanner may comprise a scanner body to take the
exterior image of the object, and a coupler to fix the scanner
body to the X-ray imager.

Herein, the coupler is removably coupled to at least one of
the X-ray imager and scanner body.

Thebody unit comprises a base body to support the weights
of'the X-ray beam generator and X-ray beam detector, and a
support arm arranged on the base body to which the X-ray
beam generator and X-ray beam detector are installed.

Herein, the scanner may be supported by the support arm.
The X-ray beam detector is removably mounted to the sup-
port arm, and the scanner may be removably installed at the
location where the X-ray beam detector is mounted.

On the other hand, the body unit may further comprise a
scanner arm to which the scanner is mounted. The scanner
arm is arranged on the support arm or the base body. Further,
the support arm may be configured to rotate around the object.

The scanner may be configured as a three-dimensional
(3D) scanner to obtain a three-dimensional image. Examples
of the X-ray imager include various types of apparatuses
using X-rays, such as a dental CT apparatus, cephalo imaging
apparatus and panoramic imaging apparatus.

According to another aspect of the invention, there is pro-
vided a scanner being removably mounted to an X-ray
imager, wherein the X-ray imager comprises an X-ray beam
generator for emitting an X-ray beam, an X-ray beam detector
for detecting the X-ray beam to obtain an X-ray image of an
object, and a body unit to which the X-ray beam generator and
X-ray beam detector are mounted. The scanner comprises a
scanner body to take an exterior image of the object, and a
coupler being removably attached to the X-ray imager so that
the scanner module is mounted to the X-ray imager.

The above X-ray imaging apparatus and three-dimensional
scanner for the same according to the present invention have
the following technical effects.

First, according to the present invention, an X-ray image
and an exterior image of an object, e.g., a skull image and a
face image may be obtained at the same time, thereby mini-
mizing image adjustment procedures to superimpose those
two images.

Second, according to the present invention, an X-ray image
and an exterior image of an object (i.e., a patient) may be
acquired while the patient remains stationary without chang-
ing posture or position, thereby avoiding inconvenience of the
patient to obtain the X-ray image and exterior image.

Third, according to the present invention, the scanner is
removably arranged on the X-ray imager so that it may be
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detached and independently used in a separate location or
mounted to another different X-ray imager, thereby signifi-
cantly enhancing usability.

Fourth, according to the present invention, the scanner is
mounted to the X-ray imager so that the X-ray image and
exterior image may be obtained alternatively or simulta-
neously, thereby allowing the operator to make choices with
convenience.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention may
be more fully understood with reference to the embodiments
of the invention taken in conjunction with the accompanying
drawings, in which:

FIGS. 1a and 15 show a teeth image and a skull image,
respectively, which are examples of X-ray images taken by a
generic dental X-ray imaging apparatus;

FIG. 2 is a perspective view showing one embodiment of an
X-ray imaging apparatus according to the present invention,
i.e., an X-ray imaging apparatus having a scanner;

FIG. 3 is a perspective view showing one embodiment of a
scanner of an X-ray imaging apparatus according to the
present invention;

FIG. 4 is a side view showing a coupler of the scanner
shown in FIG. 3;

FIG. 5 is a block diagram showing one example of an
image processing system equipped with an X-ray imaging
apparatus according to the present invention;

FIG. 6 is a picture showing an exterior image of an object
(a face image) obtained by an X-ray imaging apparatus
according to the present invention;

FIG. 7 is a picture showing one example of a superimpo-
sition image in which an exterior image of an object is super-
imposed with an X-ray image;

FIG. 8 is a perspective view showing another embodiment
of'an X-ray imaging apparatus according to the present inven-
tion; and

FIG. 9 is a perspective view showing yet another embodi-
ment of an X-ray imaging apparatus according to the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion to achieve the above-described objects will be described
with reference to the accompanying drawings. In the follow-
ing description of the embodiments, the same terms or char-
acters will be used to refer to the same elements, and addi-
tional or redundant explanations thereon will be omitted
below.

First, one embodiment of an X-ray imaging apparatus
according to the present invention, i.e., an X-ray imaging
apparatus having a three-dimensional scanner will be
described with reference to FIGS. 2 to 4.

Among the accompanying drawings, FIG. 2 is a perspec-
tive view showing one embodiment of an X-ray imaging
apparatus according to the present invention, FIG. 3 is a
perspective view showing one embodiment of a scanner of an
X-ray imaging apparatus according to the present invention,
and FIG. 4 is a side view showing a coupler of the scanner
shown in FIG. 3.

Referring to FIGS. 2 to 4, one embodiment of an X-ray
imaging apparatus according to the present invention com-
prises an X-ray imager 100 and a scanner (3D scanner) 200
mounted to the X-ray imager.
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The X-ray imager 100 comprises an X-ray beam generator
110, an X-ray beam detector 120 and a body unit 130, wherein
the X-ray beam detector 120 is installed opposite to the X-ray
beam generator 110.

The X-ray beam generator 110 comprises an X-ray beam
source for emitting an X-ray beam to take an X-ray image.
Further, the X-ray beam detector 120 detects the X-ray beam
to obtain an X-ray image, and more specifically detects the
X-ray beam transmitted through an object to obtain an inter-
nal body image. Detailed principles and configurations of the
X-ray beam generator 110 and X-ray beam detector 120 are
known in the relevant art, and additional explanations thereon
will be omitted.

Further, the body unit 130 comprises a base body 131 to
support the weights of the X-ray beam generator 110 and
X-ray beam detector 120, and a support body 132. Here, the
X-ray beam generator 110 and X-ray beam detector 120 are
installed to the support body 132. The support body 132
comprises a support arm arranged on the base body 131 so
that it is supported by the base body 131. In the present
embodiment, the base body 131 is in the form of a vertically
elongated column, but the form is not limited thereto.

More specifically, the X-ray beam generator 110 is
arranged at one end of the support body 132, i.e., the support
arm, and the X-ray beam detector 120 is mounted to the other
end of the support arm to face the X-ray beam generator 110.
Accordingly, in this embodiment, the support arm 132, X-ray
beam generator 110 and X-ray beam detector 120 together
constitute an inverted U-shape.

Further, an alignment unit 130q is preferably arranged on
the body unit 130 to place a man or woman’s face in the
proper position to obtain an X-ray image of an object, e.g., a
head of a patient. When the jaw of the patient is placed on the
alignment unit 130a, the head of the patient is aligned
between the X-ray beam generator 110 and X-ray beam
detector 120.

The support body 132, i.e., the support arm may be con-
figured to rotate so that the X-ray beam generator 110 and
X-ray beam detector 120 may circle around the object accord-
ing to the rotation of the support body 132 and take an X-ray
image of the object.

A drive box 1314 (not shown) is arranged at the upper part
of'the base body to rotate the support body 132. The support
body 132 is rotated by means of a rotation device such as a
motor, gear and belt arranged within the drive box 131a.

Accordingly, when a face is placed between the X-ray
beam generator 110 and X-ray beam detector 120 and then the
support body 132 constituting an inverted U-shape together
with the X-ray beam generator 110 and X-ray beam detector
120 is rotated by means of the rotation device, the X-ray beam
generator 110 and X-ray beam detector 120 circle around the
object facing each other and take an X-ray image of the
object.

Examples of the X-ray imager include various types of
apparatuses such as a dental CT apparatus, cephalo imaging
apparatus and panoramic imaging apparatus, which use
radioactive rays or X-rays to obtain internal body images.

Next, the scanner 200 is configured to obtain an. exterior
image of an object. The scanner is arranged on the X-ray
imager 100 and may be removably mounted to the X-ray
imager 100.

The scanner 200 may be arranged on the X-ray beam
generator 110 or the X-ray beam detector 120. The scanner
200 may also be arranged on the body unit 130, and more
specifically on the support body 132, i.e., the support arm. Of
course, the scanner 200 may also be arranged on the base
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body 131. Although not shown in the drawings, it may be
rotatably arranged on the base body.

FIG. 2 shows that the scanner 200 is mounted to the support
body 132, while it may be removably mounted to the support
body as described above. One example of the element to
removably mount the scanner 200 is a bolt. For example, a
bolt is arranged as a rotating member in one of the scanner
200 and support body 132, and a hole for coupling of the bolt
is arranged in the other one. This configuration may be
diversely changed as long as the scanner may be removably
attached to the support body 132.

Further, the scanner 200 may be applied as a three-dimen-
sional (3D) scanner to obtain a three-dimensional image.
Accordingly, an exterior image (e.g., a face image) of a
patient may be obtained in three dimensions.

When the X-ray imager 100 takes an X-ray image, the
scanner 200 may obtain an exterior image of an object at the
same time. Otherwise, the X-ray imaging and exterior scan-
ning may be sequentially performed. That is, according to the
present invention, a face image and a cephalic X-ray image of
a patient may be simultaneously obtained while the patient
remains in one posture.

Referring to FIGS. 3 and 4, one embodiment of the scanner
200q is configured to removably attach to the X-ray imager,
and comprises a scanner body 210 and a coupler 220. An
imaging device (not shown) is arranged within the scanner
body 210 to obtain an exterior image of the object. The
coupler 220 is configured to fix the scanner body 210 to the
X-ray imager 100.

The components such as the above imaging device and the
like to obtain an exterior of an object are arranged in the
scanner body 210. Detailed configurations and principles of
the scanner to obtain images are generally known in the
relevant art, and additional explanations thereon will be omit-
ted.

The coupler 220 may be removably coupled to at least one
of'the X-ray imager 100 and scanner body 210. In the scanner
200a according to the present embodiment, one end of the
coupler 220 is fixed to the scanner body 210 and the other end
is removably coupled to the X-ray imager 100.

To this end, the coupler 220 comprises a chuck 221 and a
coupler body 222, wherein the space of the chuck 221 may be
adjusted to engage with a specific location of the X-ray
imager, e.g., the X-ray beam generator 110. One end of the
coupler body 222 is fixed to the scanner body, and the chuck
221 is arranged at the other end of the coupler body 222.

One example of the element to adjust the space of the chuck
221 is a screw adjuster 223, which may adjust the space as a
screw rotates to move forward or backward in its axial direc-
tion.

Accordingly, when the space of the chuck 221 widens to
put the X-ray beam generator 110 inside the chuck 221 and
then narrows, the chuck 221 engages with the X-ray beam
generator 110 so that the scanner body 210 is removably fixed
to the X-ray beam generator 110. The scanner may be com-
patibly mounted to various forms of X-ray imagers. The
scanner 200a may circle around an object according to the
rotation of the support body 132 and obtain images of the
object in various angles.

Of course, the coupler 220 should be mounted at the loca-
tion that does not interfere with the X-ray beam emitted from
the X-ray beam generator 110. The coupler 220 may also be
coupled to the X-ray beam detector or another different loca-
tion such as the support body 132. The configuration of the
coupler 220 may be diversely changed according to the loca-
tion where the scanner 200a is mounted. Further, the scanner
body 210 may be rotatably coupled to the coupler 220.
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FIG. 5 is a block diagram showing one example of an
image processing system based on an X-ray imaging appara-
tus according to the present invention. The image processing
system may comprise an image acquisition apparatus, i.e., an
X-ray imaging apparatus having the above-described X-ray
imager and scanner, as well as an image processing module to
obtain the X-ray images and exterior images, a storage mod-
ule to store the images, a display module to output the X-ray
images and exterior images on a screen, and a control module.

FIG. 6 is a picture showing a face image obtained by the
scanner of the X-ray imaging apparatus, and FIG. 7 is a
picture showing one example of a superimposition image in
which an exterior image of an object (i.e., a face image) is
superimposed with an X-ray image.

Hereinafter, other embodiments of an X-ray imaging appa-
ratus according to the present invention will be described with
reference to FIGS. 8 and 9.

Referring to FIG. 8, in another embodiment of an X-ray
imaging apparatus according to the present invention, a scan-
ner 2005 is replaceably mounted at the location where an
X-ray beam detector 120a is mounted. The X-ray beam detec-
tor 120q is removably mounted to the support arm 132 so that
it may be detached from the support arm 132 and the scanner
2005 may be mounted taking the place of the X-ray beam
detector 120a.

The mounting configurations of the X-ray beam generator
120a and scanner 2005 may employ the same elements, e.g.,
a variety of known coupling elements such as hooks and
SCrews.

Next, referring to FIG. 9, in yet another embodiment of an
X-ray imaging apparatus according to the present invention, a
scanner 200¢ is supported by the support arm 132. More
specifically, the scanner 200¢ is mounted to a scanner arm 133
arranged on the support arm 132 so that it may be coupled to
the support arm 132 via the scanner arm 133.

In the present embodiment, the scanner arm 133 is formed
in a generally right-angled shape, and may be removably
mounted to the support arm 132. The scanner 200¢ may be
removably coupled to the scanner arm 133. The scanner arm
133 may also be directly arranged on the base body.

While the preferred embodiments of the present invention
have been described as above, it will be apparent to those
skilled in the art that the present invention may be embodied
in other specific forms without departing from the spirit or
scope of the invention.

Therefore, the above-described embodiments should be
regarded as illustrative rather than restrictive, and thus the
present invention is not limited to the above description and
may be modified within the scope of the appended claims and
their equivalents.

What is claimed is:
1. An X-ray imaging apparatus, comprising:
an X-ray imager comprising an X-ray beam generator for
emitting an X-ray beam, an X-ray beam detector for
detecting the X-ray beam to obtain an X-ray image of an
object, and a body unit to which the X-ray beam genera-
tor and X-ray beam detector are mounted; and
a scanner being arranged on the X-ray imager to obtain an
exterior image of the object.
2. The X-ray imaging apparatus of claim 1, wherein the
scanner is removably mounted to the X-ray imager.
3. The X-ray imaging apparatus of claim 2, wherein the
scanner comprises:
a scanner body to take the exterior image of the object; and
a bracket to fix the scanner body to the X-ray imager.
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4. The X-ray imaging apparatus of claim 3, wherein the
bracket is removably coupled to at least one of the X-ray
imager and scanner body.

5. The X-ray imaging apparatus of claim 1, wherein the
body unit comprises a base body to support the weights of the 5
X-ray beam generator and X-ray beam detector, and a support
arm arranged on the base body to which the X-ray beam
generator and X-ray beam detector are installed.

6. The X-ray imaging apparatus of claim 5, wherein the
scanner is supported by the support arm. 10
7. The X-ray imaging apparatus of claim 6, wherein the
X-ray beam detector is removably mounted to the support
arm, and the scanner is capable of being removably installed

at the location where the X-ray beam detector is mounted.

8. The X-ray imaging apparatus of claim 5, wherein the 15
body unit further comprises a scanner arm to which the scan-
ner is mounted, and the scanner arm is arranged on the support
arm or the base body.

9. The X-ray imaging apparatus of claim 5, wherein the
support arm is capable of rotating around the object. 20
10. A scanner being removably mounted to an X-ray

imager, wherein the X-ray imager comprises an X-ray beam
generator for emitting an X-ray beam, an is X-ray beam
detector for detecting the X-ray beam to obtain an X-ray
image of an object, and a body unit to which the X-ray beam 25
generator and X-ray beam detector are mounted, and wherein
the scanner comprises a scanner body to take an exterior
image of the object, and a bracket being removably attached
to the X-ray imager so that the scanner module is mounted to
the X-ray imager. 30



